Abstract: The purpose of this study was to assess the effect of 18-week Tai Chi training on body balance in dynamic trial among elderly men. The study covered 49 subjects from age 60 to 82.1 years, who had osteopenia or osteoporosis. The subjects were recruited from the community by direct mailings and community efforts to participate in studies. The participants were randomly assigned to either the exercise intervention (n = 25) or control groups (n = 24). The Tai Chi group participated in an 18-week exercise class held for 45 min, twice a week. Body balance was assessed using a Computer Posturographic System PE 90 produced by the Military Institute of Aviation Medicine in Warsaw with modified software made in Pro-Med. During the measurement of body balance, the capacity to perform specific tasks was analyzed (deflections in the set scope and direction). In the Tai Chi group, an increase (p ≤ 0.01) in effectiveness of balance task performance was noted from 80.95% to 84.45% after the training. In the control group, no statistically significant improvement in the level of body balance was found in the same period. Thus, an 18-week period of Tai Chi exercises twice a week for 45 min is beneficial for dynamic balance. It can be important for reducing fall risk factors.
Introduction
Serious consequences of falls at an older age (Parkkari et al., 1999) spur the researchers to find effective ways of preventing instances of disturbed body balance. In their review work, Sowden et al. (1996) collected information confirming the fact that physical exercise reduces the risk of falls and may be a significant element of more extensive preventive activities. One of the methods of fall prevention may be programs focused on increase of muscular strength and improvement of body balance (Campbell et al., 1997) . For people with osteoporosis, exercise may reduce the risk of fracture by its effect on maintenance of bone mass and, probably more importantly, by improving postural stability and thus decreasing rates of falling (Close and Glucksman, 2000) . Carter et al. (2002) , while running an exercise program focused on prevention of falls, noted an improvement in dynamic body balance and muscular strength, both important determinants of risk for falls, particularly in older women with osteoporosis.
Recently researchers have been interested in exercise programs with elements of Tai Chi. Verhagen et al. (2004) analysed the results of experiments based on Tai Chi in which over 500 people aged 53 to 96 years were involved. In the conclusion, it was noted that the effect of this form of exercises on the reduction of risk of falls is rather limited. However, many studies indicate significance of Tai Chi in the improvement of the ability to keep balance in various everyday situations. Li et al. (2004) found that six months of participation in Tai Chi classes for people aged 70 to 92 improved body balance (measured using Berg balance test, dynamic gain index and functional reach) and, moreover, the number of falls in the six months following the end of exercise program decreased significantly.
Varied results obtained by various authors may be an effect of taking different balance measurements, i.e. static and dynamic balances (in movement). Lin et al. (2000) compared the level of static and dynamic balances in men and women (mean age 70.9 years) who had trained Tai Chi regularly for 2-35 years and that of non-training healthy people (mean age 69.1 years). The result of static postural control test showed no differences between the Tai Chi and control groups under simple conditions (eyes open, eyes closed, swaying vision, and eyes open with swaying surface). In the more complicated conditions (eyes closed with sway-referenced support and sway-referenced vision and support), the Tai Chi group had significantly better results than the control group. In the dynamic balance test, Tai Chi group had significantly better results in the rhythmic forward-backward weight-shifting test. Wong et al. (2001) studied effect of Tai Chi on postural stability among elderly people and observed that Tai Chi as a co-ordination exercise may reduce the risk of a fall through maintaining the ability of posture control. Wang et al. (2004) noticed the differentiation in results of experimental programs with Tai Chi. After the analysis of 47 research works, they noted benefits of Tai Chi for balance, muscular strength, and flexibility in older subjects and falls in frail elderly subjects. However, as the authors of this systematic review emphasized, unfortunately, many studies of Tai Chi lack rigorous scientific methods, and most investigations have been retrospective and have not used randomized control groups. Also, Wu (2002) thinks that the number of studies on the effect of Tai Chi on balance and falls prevention has increased rapidly, but results from these studies are scattered or inconsistent. So effects of Tai Chi practice are still unknown, and there is insufficient information to recommend Tai Chi to patients with chronic conditions. But after medical assessment and referrals, the second most effective fall intervention approach are exercise 
EFFECT OF TAI CHI ON BODY BALANCE
The purpose of this study was to assess the effect of 18-week Tai Chi training on body balance in dynamic trial (deflection in the set scope and direction) among men with osteopenia or osteoporosis.
The experiment tests the hypothesis that 18 weeks of Tai Chi with twice a week for 45 min each is sufficient to give positive changes in terms of the body balance.
Material and Methods

Participants
The study covered 49 subjects from age 60 to 82.1 years, who had osteopenia or osteoporosis -T-score at least −1.0 standard deviation below the young normal sexmatched BMD (Kanis et al., 1994) . The subjects were recruited from the community by direct mailings and community efforts to participate in the study. All subjects were examined by X-ray densitometry method. All the participants did not use any social assistance or nursing care, had not previously taken part in Tai Chi practice, and were relatively sedentary (they had not participated in other forms of sports or exercises for health or recreational purposes) for at least the last 5 years.
All subjects were predominantly healthy. Men with history of significant cardiovascular, pulmonary, metabolic, or musculoskeletal disease (e.g., joint fracture, artificial joint replacement) or neurological diseases (e.g., stroke, Parkinson's disease, poor vision) were excluded. The participants were randomly assigned to the exercise intervention (n = 25) or control groups (n = 24). Participation in the study was voluntary and every subject expressed in writing their consent to take part in the experiment after getting written information about the process of examination and participation in an exercise group which had the Local Committee of Ethics in Research approval. Originally, 137 volunteers were investigated.
Randomization created the experimental group (25 persons) and the control group (24 persons). 
Procedure
All subjects were asked not to change their lifestyle. The fulfillment of this recommendation was checked in an interview after the end of the experiment. The level of the subjects' activity was low. The Tai Chi group participated in an 18-week exercise class held twice a week in the morning. Each exercise session took 45 min and was led by a certified Tai Chi instructor. It included 10 min of warm up exercise (including stretching and balancing balance exercise), 30 min of Tai Chi practice, and 5 min of cool down exercise. We used 5 sequences of movement chosen from the simplified 24-form Tai Chi. Subjects tried to imitate the instructor's motions and postures at the same speed and with the same technique. During the sessions, the instructor was constantly monitoring the subjects and corrected the body position, joint angles and form-to-form transition.
Measurements
All measurements were taken one week before and 18 weeks the intervention. Body balance was assessed using a Computer Posturographic System PE 90 produced by the Military Institute of Aviation Medicine in Warsaw (a stable platform 400 × 400 × 50 mm with four tensometric force transducers, which are in corner square 300 × 300 mm with modified software made in Pro-Med) (Błaszczyk and Czerwosz, 2005) . The platform did not move. Tensometric force transducers allow measuring the forces caused by the pressure of feet on the surface of the platform. This made it possible to set the point of application of the resultant force vector and thus to measure and register the movements of the projection of the center of body pressure on the plane XY (frequency of the received signal -100 impulse/sec, accuracy of movement measurement -0.5 mm, maximum load -200 kg).
Every subject had been precisely informed about the nature and procedure of the test prior to the experiment. Each subject declared good function of their sight organ.
Before the investigation, every subject took part in a 32-sec preliminary test based on straight standing on the posturographic stable platform. Four tensometric force transducers have registered movements of the subject.
During the measurement of body balance, each subject stood barefooted on the posturographic platform in an upright position with upper limbs handing loosely and feet slightly apart placed on the spot marked on the platform. The subject's sight was directed straight ahead on the monitor. He could observe and control the movements of the vertical projection of his own center of body pressure (sways) on the monitor placed at the distance of 1.5 m opposite the subject (Fig. 1) .
The capacity to perform specific tasks was analysed (deflections in the set scope and direction). Opposite 1.5 m from the platform and 1.5 m above the floor, there was a screen with a point showing a vertical projection of the center of body pressure (Fig. 1) . The task involved keeping the posture while standing with both feet on the posturographic platform, so that the point C displayed on the screen was placed in specific areas one by one. The 5 EFFECT OF TAI CHI ON BODY BALANCE feet stayed in the same place at all times. The subjects merely shifted their weight on the platform.
The areas, marked as 1, 2…6, in which point C should be placed one by one, were displayed in strictly specified places, from 1 to 6, which required a subject to adjust his body posture by moving in the desired direction (Fig. 2) . The task of the subject was to bring point C (to make a body sway without moving the feet) to six areas appearing in the set place of the screen for 10 sec. After succeeding in an attempt to maintain body in the required position, the subject returned to the starting (central) position. Full time of task was 2 min 15 sec. The subjects were protected against falling for the whole duration of the test.
Signals from the platform were entered in the analogue-digital transducers in the computer where using an appropriate program momentary positions of the middle of feet pressure were established. Figure 1 . Schema of posturography system. Subject's platform (400 × 400 × 50 mm) on which a subject is standing. A monitor is placed 1.5 m from the subject's platform. The computer collecting and analyzing the information on the subject's body sway from the subject's platform.
Areas of destination
Point "C"
The following posturographic parameters were taken into consideration: 1) T -time of reaching the set area by point C (vertical projection of the centre of body pressure), 2) W -percentage of the reaching path to the set area, expected result -straight path is 100%, 3) E -percentage of task performance (keeping point C in the set area), 4) TWtotal length of path covered by point C. Each subject was asked to perform two repetitions of the practice trial. The second one has been taken into the analysis.
Statistical Analysis
For each parameter determined in this way, a mean and standard deviation were calculated for the whole group of subjects. In order to determine the significance of differences between experimental and control groups, the Mann-Whitney test was used. For the analysis of variation of results in pre-test and post-test Wilcoxon's matched pairs rank test was used. Table 1 presents the results obtained on the first data of tests in the experimental (Tai Chi) and control groups. Out of eight studied variables, the groups differ statistically significantly only in terms of one, i.e. the body balance parameter-T (p ≤ 0.01). Other variables do not differ between the studied groups. Table 2 shows the results achieved by the subjects from the training group and the control group at the beginning and at the end of the experiment. In the Tai Chi group, posturographic parameters T, E and TW were statistically significant different after the experiment (p ≤ 0.01). In the control group, no statistical significant changes in values of posturographic parameters were noted.
Results
Two posturographic parameters, E -percentage of task performance and TW -total path, were statistically different between the experimental and the control groups after the experiment (p ≤ 0.05)
Discussion
The experimental results indicate a beneficial effect of Tai Chi on the level of dynamic balance of elderly men. Earlier studies carried out among elderly women (65-75 years old) with osteoporosis indicated effectiveness of physical exercise done twice a week for 20 weeks in British Columbia Community Centres (Carter et al., 2002) . Participants of exercise program improved their dynamic balance and muscular strength. We confirm that for elderly men, 18 weeks of Tai Chi twice a week for 45 min was also sufficient to improve the body balance. It has been shown that the practice of Tai Chi exercise can improve dynamic body balance and probably prevent falls in elderly individuals (Wong et al., 2001) . In the group taking Tai Chi, three out of four parameters of balance were significantly improved after the completion of the experiment. Meanwhile, the T necessary 7 EFFECT OF TAI CHI ON BODY BALANCE to carry our individual tests (reaching areas 1, 2…6) shortened from 1.77 sec to 1.67 sec with p ≤ 0.01. Also, an increase in effectiveness of task performance was noted from E = 80.95% to E = 84.45% with p ≤ 0.01. Total path of sways shortened in a desired way from TW = 3 314.81 mm to 3040.22 mm p ≤ 0.01. There is no statistically significant improvement in the level of body balance in the control group at the same period.
Our study confirms previous findings of exercise-related improvement in static balance in women with vertebral osteoporosis (Malmros et al., 1998) and also demonstrates that an exercise intervention can improve dynamic balance in men with osteopenia or osteoporosis. We admit that reducing the risk of falling -improving dynamic balance -does not guarantee fewer falls. Tai Chi should generally be a part of the treatment plan in patients with osteopenia and osteoporosis (Kannus, 1999; Khan et al., 2001) . We conclude that Tai Chi program is a simple, inexpensive strategy which can improve dynamic balance and, as a consequence, reduce the risk of falls.
Therefore, the 18-week period of Tai-Chi exercises twice a week for 45 min is beneficial for dynamic balance, important from the point of view of reduction of fall risk factors.
